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(57) ABSTRACT

An mitialization function of a lighting direction control appa-
ratus of a vehicle lamp 1s provided with functions: for swing-
ing, 1n a first direction, a lamp across the initial position until
the lamp 1s bumped; for swinging, in the opposite direction (a
second direction), the lamp from the bumped position across
the 1nitial position at a predetermined angle; and for swing-
ing, in the first direction, the lamp at an angle across the mitial
direction. The bumped position 1s defined as a deflection
angle position at which the headlamp does not dazzle the
driver of a car approaching from the opposite direction. The
predetermined angle 1s defined as an angle greater than a
reflection error angle that 1s generated at the bumping time.
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LIGHTING DIRECTION CONTROL
APPARATUS

This application claims foreign priority from Japanese
Patent Application No. 20035-264334, filed on Sep. 13, 2005,

the entire contents of which are hereby incorporated by ref-
erence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a lighting direction control
apparatus that changes the lighting direction of a lamp, such
as the headlamps of a vehicle such as an automobile. The
present invention relates particularly to a lighting direction
control apparatus that employs a brushless motor as a drive
source for a drive mechanism that changes a lighting direc-
tion.

2. Related Art

In order to ensure improved safety for an automobile in
motion, a lighting direction control apparatus 1s provided that
controls the lighting directions of headlamps, to the leftand to
the right, in consonance with the steering direction, and that
especially when an automobile 1s turning a curve 1n a road or
1s cornering, directs a light axes of the headlamps forward 1n
a direction of travel 1n accordance with the steering angle. For
example, as shown 1n FIG. 1, which will be referred later in a
first exemplary embodiment of the present invention, 1n con-
sonance with the direction of travel control provided by a
steering wheel SW 1n an automobile CAR, the light axes (1n
this case, of projector lamps 3, which are incorporated com-
ponents of individual headlamps and can be horizontally
deflected) of left and right headlamps LHL and RHL are
horizontally detlected to control the lighting direction. When
the steering angle 1s 0, 1.e., when the automobile CAR 1s
travelling directly forward, this lighting direction control
apparatus stabilizes the headlamps so they are pointed for-
ward 1n the direction of travel. When the steering angle 1s
changed, to the left or nght, the lighting direction control
apparatus detlects the headlamps to the left or right in conso-
nance with the angle change. In order for such a deflection to
be performed, a sensor must be provided for each headlamp to
detect a headlamp deflection angle, and the output of the
sensor 1s used to control the detlection angle of the headlamp.
However, since the structure of the control apparatus becomes
complicated when the angle sensor 1s provided, 1t has been
proposed that the deflection angle of the headlamp be
detected by controlling the rotational angle of a motor that
serves as the drive source for a headlamp deflection drive
mechanism (an actuator) that 1s closely related to the deflec-
tion angle of the headlamp, e.g., by controlling a count value
for a brushless motor. That 1s, when a correlation between the
deflection angle of the headlamp and the count value of the
brushless motor 1s obtained 1n advance, thereaiter, only the
count value for the brushless motor need be controlled for the
deflection angle of the headlamp to be adjusted.

For the lighting direction control apparatus, a so-called
initialization 1s required, 1.e., a forward position 1n the direc-
tion of travel of the automobile, or a predetermined deflection
angle position near this 1s set as the iitial head lamp position,
and the count value, at this time, for the brushless motor 1s
obtained. As the basic 1nitialization method, until rotation of
the brushless motor 1s halted, the headlamp 1s deflected to the
deflection limit 1n one direction, and this state 1s defined as a
bumped state. While this bumped position 1s regarded as the
initial position, the current count value for the brushless
motor must be obtained.
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However, during the imitialization process, when the brush-
less motor 1s bumped to the bumped position in one direction,
backlash occurs 1n a plurality of gears constituting a drive
mechanism for deflecting the headlamp, or the gears in the
rotational direction will be deformed. Then, an overrun may
occur, 1.€., although the detlection movement of the headlamp
1s halted, there may be a further small angular rotation of the
brushless motor. Because of this overrun, an error caused by
the backlash or the gear deformation will be included 1n the
count value obtained for the brushless motor by the imtial-
ization. Thus, on mitialization, the reliability 1s degraded, and
thereafter, detlection control accuracy for the headlamp 1s
reduced. It should be noted that overrun due to the above
described backlash and overrun due to gear deformation are,
for example, about 0.3° and 0.5°, when used to describe
deflection angles for headlamps.

FIG. 10A 1s a graph showing a correlation between the
count value for a brushless motor and the deflection angle of
a headlamp. Assume that by rotating the brushless motor the
headlamp 1s deflected 1n one direction and 1s bumped to the
initial position (0°) for the forward travel of an automobile.
The angle set for the headlight 1s 0°; however, due to the above
described backlash and the deformation of the actuator gears,
there 1s an overrun that 1s equivalent to a deflection angle, and
accordingly, an error occurs. Therefore, the next time the
brushless motor i1s rotated 1n the reverse direction, the error
attributable to the overrun 1s not corrected. Further, during a
period wherein the error due to the overrun 1s corrected, the
correlation between the detlection angle of the headlamp and
the count value for the brushless motor 1s lost, and hysteresis
occurs. Thus, so long as hysteresis 1s present, the headlamp
can not be deflected accurately.

In order to resolve the initialization error due to the over-
run, a two-sided bumping method and a one-sided bumping
method have been proposed. According to the two-sided
bumping method, as described 1n JP-A-2004-106"770, a head-
lamp 1s bumped to a position at which the headlamp can be
deflected to the maximum angle (almost 1°) 1n a widthwise
center direction (hereinaiter referred to as the mmward direc-
tion) of an automobile from the forward direction of travel of
the automobile, and the current count value for the brushless
motor 1s obtained.

Further, the headlamp 1s bumped to a position at which the
headlamp can be deflected to the maximum angle (almost
20°) to the left and to the night (heremnafter referred to as the
outward direction) of the automobile from the forward direc-
tion of travel, which i1s the direction the reverse of the inward
direction, and the current count value for the brushless motor
1s also obtained. These obtained count values for the inward
and outward bumped positions are employed to calculate a
count value that corresponds to the imitial position of the
headlamp.

In this manner, the initialization 1s performed. By using the
two-sided bumping method, since overruns at the individual
bumped positions occur in directions opposite to each other,
the overruns can offset each other, and the initialization errors
due to the overruns can be corrected. However, using the
two-sided bumping method, the operations for bumping the
headlamp 1n both the inward direction and the outward direc-
tion are required, so that 1t takes time to perform the 1nitial-
1zation.

According to the one-sided bumping method, until the
rotation of a brushless motor 1s halted, a headlamp 1s deflected
to the deflection limit in one direction, and i1s set to the
bumped state. Then, in this state, the headlamp 1s deflected in
the opposite direction and 1s set at the initial position, and the
current count value for the brushless motor 1s obtained.
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For example, as shown1in FI1G. 9, aleft headlamp (projector
lamp 3) 1s bumped to an angle position that 1s displaced about
1° inward from the 0° position, which 1s the mnitial position 1in
the forward direction of travel. Then, the leit headlamp in the
bumped state 1s returned about 1° outward, and 1s set 1n the
initial position. In this case, 1° 1s a slightly greater angle than
an angle of 0.8°, which includes an overrun caused by the
backlash and the gear deformation. As a result, as shown in
FI1G. 10B, where the correlation between the count value for
a brushless motor and the deflection angle of a headlamp 1s
shown, when the motor has overrun upon the bumping of the
headlamp, the overrun 1s resolved by rotating the brushless
motor about 1° 1n the opposite direction. Therefore, when 1n
this state the headlamp 1s set at the 1nitial position, a reliable
initialization 1s enabled. Furthermore, according to the one-
sided bumping method, the headlamp must be bumped to only
one side, especially 1n the mnward direction where the detlec-
tion angle 1s smaller than 1s that for the outward direction.
Theretore, the period required for bumping can be reduced,
and the mitialization process can be shortened.

However, according to the one-sided bumping method, in
order to resolve the error due to the overrun, the bumped
position 1s set inward, about 1° from the initial position.
Therefore, when the left headlamp 1s bumped 1n the inward
direction during the 1nitialization process, the lett headlamp 1s
deflected about 1° from the 1nitial position, 1.e., to the right 1n
the forward direction of travel, and would dazzle the driver of
a car approaching from the opposite direction. In order to
prevent this dazzling, headlamps should be turned off during
the nitialization, or the light axes of the headlamps must be
adjusted to the low level. The first case 1s not preferable
because, for an automobile, the forward lighting 1s insudfi-
cient to ensure safety. The second case requires a device for
adjusting the level, and the structure of the lighting direction

control apparatus becomes complicated.

SUMMARY OF THE INVENTION

One or more embodiments of the present invention provide
a lighting direction control apparatus that can perform initial-
ization 1n a short period of time, without, for example, daz-
zling drivers of cars approaching from the opposite direction.

In accordance with one or more embodiments of the
present invention, a lighting direction control apparatus, for a
vehicle lamp including a lamp unit that 1s capable of deflect-
ing a lighting direction of a lamp, may be provided with a
deflection controller for controlling the lamp unit, wherein
the detlection controller includes:

an 1nitialization function, for setting the lamp at an 1nitial
position 1 which the lighting direction of the lamp faces
substantially forward 1n the direction of travel of a vehicle,
wherein the mitialization function includes:

a Tunction for swinging the lamp across the 1nitial position,
in a specific direction, to a bumped position,

a Tfunction for swinging the lamp from the bumped posi-
tion, 1n the direction opposite to the specific direction, across
the 1mitial position to a position at a predetermined angle, and

a function for swinging the lamp at an angle across the
initial position from the position at the predetermined angle
by an angle that the lamp 1s swung over the 1nitial position in
the direction opposite to the specific direction.

Further, 1n accordance with one or more embodiments of
the present invention, the bumped position may be a deflec-
tion angle position at which light emitted by the lamp does not
dazzle a driver 1n another car, and the predetermined angle
may be greater than a detlection error angle for the lamp unat.
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It1s preterable that the bumped position be set inward, from
the mitial position, 1n the widthwise center direction of an
automobile. For example, the bumped position 1s defined as
being at an angle, from the initial position, that does not
exceed 1°. Further, the lamp unit may include: a motor and an
actuator for swinging the lamp using a rotational force of the
motor, and the actuator includes a plurality of gears.

According to one or more embodiments of the present
invention, the lamp 1s swung in one direction (a first direc-
tion), across the imitial position, and 1s then bumped and
swung across the nitial position, in the opposite direction (a
second direction), to a position at a predetermined angle.
Thereatter, the lamp 1s swung 1n the one direction (the first
direction) to the initial position. Since the imitialization 1s
performed 1n this manner, the mnitialization process time can
be shortened, compared with when a two-sided bumping
method 1s employed. Further, when the angle at the bumped
position 1s small relative to the initial position, the headlamp
must be deflected, 1n the opposite direction, to a position at a
predetermined angle.

Thus, the error in the deflection angle that 1s due to bump-
ing can be removed, and a reliable and accurate 1mnitialization
can be performed. Further, during the mitialization, the daz-
zling of the driver of another car does not occur.

Other aspects and advantages of the invention will be
apparent from the following description and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a conceptual diagram showing an automobile
wherein the present invention 1s applied for an AFS.

FIG. 2 1s a cross-sectional view of a headlamp.

FIG. 3A 1s a schematic diagram for explaining a deflection
operation of an actuator of a left headlamp.

FIG. 3B is a plan view of the actuator of the left headlamp.

FIG. 4A 15 a diagram for explaining the detlection opera-
tion when the left headlamp 1s 1mitialized at the 1mitial posi-
tion.

FIG. 4B 1s a diagram for explaining the detlection opera-
tion of the actuator when the left headlamp 1s 1nitialized at the
initial position.

FIG. 5A 15 a diagram for explaining the detlection opera-
tion when the left headlamp 1s bumped 1nward.

FIG. 5B 1s a diagram for explaining the deflection opera-
tion of the actuator when the left headlamp 1s bumped inward.

FIG. 6 1s a flowchart for explaining the 1nitialization opera-
tion for one exemplary embodiment of the present invention.

FIG. 7 1s a diagram showing a detlection angle for explain-
ing the mitialization operation of the exemplary embodiment.

FIGS. 8A and 8B are graphs showing a correlation between
the count value for a motor and a detlection angle 1n the
initialization operation for the exemplary embodiment.

FIG. 9 15 a diagram showing a detlection angle for explain-
ing a conventional initialization operation.

FIGS. 10A and 10B are graphs showing a correlation
between the count value for a motor and a deflection angle in
the conventional initialization operation.

L1l

DETAILED DESCRIPTION OF TH.
EXEMPLARY EMBODIMENTS

Exemplary embodiments of the invention will be described
with reference to the accompanying drawings.

FIG. 1 1s a schematic diagram showing the outline of an
automobile wherein exemplary embodiments of the present
invention 1s applied for an adaptive front-lighting system
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(hereinafter referred to as an AFS). A steering sensor SSW for
detecting a steering angle 1s provided for a steering wheel SW
of an automobile CAR, and the output of the steering sensor
SSW 1s transmitted to an electronic control unit (hereinafter
referred to as an ECU) 1. Based on the output of the steering
sensor SSW, the ECU 1 1dentifies the steering direction (trav-
cling direction) of the automobile CAR, and employs the thus
identified direction to detlect (swivel), 1n the horizontal direc-
tion, the light axes of headlamps LHL and RHL, which are
located on the left and right front of the automobile CAR. As
will be described later, the left and rnight headlamps LHL and
RHL are provided as the following lamp units. The lamp units
include horizontally rotary projector lamps 3, incorporated 1n
lamp housings 2. The projector lamps 3 are to be horizontally
inclined by actuators 4, which are drive mechanisms, and 1n
this manner, the light axes of the projector lamps 3, 1.e., the
light axes of the headlamps LHL and RHL, can be deflected.

FIG. 2 1s a cross-sectional view of the arrangement of the
left headlamp LHL. The lamp housing 2 of the leit headlamp
L.HL 1s structured by a lamp body 21 and a transparent front
cover 22 attached to the front face of the lamp body 21, and
the projector lamp 3 mounted 1n the lamp housing 2. For the
projector lamp 3, alens 33 1s attached, via a cylindrical spacer
32, to the front of a retlector 31 having a hemi-spheroid shape,
and an mncandescent bulb or a discharge bulb 1s mounted as a
light source 34 within the reflector 31. Further, a shade 35 for
setting a cut line for emitted light 1s provided inside the spacer
32. The projector lamp 3 1s located so as to be exposed upon
the opening of an extension 24, which 1s supported by a
support board 23 of the lamp housing 2 to hide the interior of
the lamp housing 2. The upper portion of the projector lamp
3 15 so supported by the support board 23 that 1t can be pivoted
horizontally at a support shait 25 horizontally.

Below the projector lamp 3, the actuator 4 1s located that
serves as a drive mechanism for performing a deflection
operation, and a rotation output shaft 41 of the actuator 4 1s
coupled with the lower face of the projector lamp 3. Conso-
nant with the rotation of the rotation output shaft 41, the
projector lamp 3 1s horizontally swung within a designated
angular range, and the light axis of the projector lamp 3, 1.e.,
the left head lamp LHL, 1s swiveled. In FIG. 2, a discharge
lighting circuit unit 5, for lighting the discharge valve 34, 1s
incorporated at the bottom of the lamp housing 2, and 1is
clectrically connected to the discharge valve 34 via a cord 51
and a connector 52.

As shown 1n FIG. 3B, for the plan structure of the actuator
4 used for the left headlamp LHL, a brushless motor 43 is
provided as a drive source 1n a housing 42. The housing 42
includes fixed pieces 421, on both sides, with which the
actuator 4 1s secured to the lamp housing 2 of the headlamp
LHL or RHL.

The brushless motor 43 1s connected to the ECU 1 via an
clectric connector 44 provided in the housing 42, and 1is
moved to a rotational position in accordance with a control
signal transmitted by the ECU 1, 1.e., 1n consonance with the
count value from a reference position. Furthermore, although
not shown, a rotation detector, such as a Hall element, for
detecting the revolutions of a motor, 1s provided for the brush-
less motor 43, and the revolutions of the motor detected by the
rotation detector, 1.e., the count value in this exemplary
embodiment, 1s also output to the ECU 1.

In addition, for the actuator 4, a speed reduction gear string,
45, which 1s constituted by sequentially engaging a plurality
of gears GB to GG, 1s coupled with a gear GA that 1s fitted
over a rotary shait 431 of the brushless motor 43, and a sector
gear 46 that 1s fitted over the output shait 41 1s rotated by the
speed reduction gear string 43. In this exemplary embodi-
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ment, the gears GA to GG and the sector gear 46 are formed
of a resin for weight reduction; however, these gears may be
made ol metal. The sector gear 46 has a gear end 461 that
engages the last gear GG of the speed reduction gear string 45,
and as the sector gear 46 1s rotated, the rotation output shaft 41
1s also rotated and deflects the projector lamp 3. Furthermore,
stoppers 47A and 478, formed of a part of the inner wall o the
housing 42, are located on both sides 1n the rotational direc-
tion of the sector gear 46. When the sector gear 46 1s rotated
in e1ther direction, the side face of the sector gear 46 contacts
the opposing stopper 47A or 478, so that the rotation of the
sector gear 46 1s halted.

In the actuator 4, at the rotation position of the sector gear
46 shown 1n FIG. 3B, the projector lamp 3 1s detlected, at a
deflection angle 03, to the left 1n the forward direction of
travel, as shown in FIG. 3A. Further, as shown 1in FIG. 4B for
the enlarged portion of the actuator 4, at the rotation position
at which the sector gear 46 has been rotated to the left, from
the state 1n FIG. 3B, to a position at a small angle, and the left
side face of the sector gear 46 1s near the left stopper 47B, the
projector lamp 3 1s deflected 1n the forward direction of travel,
as shown in FIG. 4A. This detlection position 1s the initial
position 1n the first exemplary embodiment, 1.¢., the 1nitial-
1zed position. Furthermore, as shown 1n FIG. 5B, 1n a state
wherein the left side face of the sector gear 46 has impinged
on the left stopper 478, the projector lamp 3 1s detflected, as
shown 1n FIG. SA, 0.5° to the right 1n the forward direction of
travel of the automobile, which 1s the nitial position of the left
head lamp LHL, 1.e., 1s deflected inward relative to the auto-
mobile. The angle of 0.5°, which 1s the deflection position at
which the projector lamp 3 1s bumped, 1s an angle at which the
driver of a car approaching from the opposite direction will
not be dazzled when the left headlamp LHL 1s bumped to the
right. It should be noted that when, as shown 1n FIG. 9, the left
headlamp LHL 1s deflected inward about 1°, as described
above, there 1s a possibility that the driver of the car approach-
ing from the opposite direction will be dazzled.

For the right headlamp RHL, the lighting characteristic 1s
so designated that the driver of a car approaching from the
opposite direction will not bedazzled when the right head-
lamp RHL 1s deflected to the right of the automobile. Further,
when the right headlamp RHL 1s deflected to the left of the
automobile, the driver of a car approaching from the opposite
direction will not be dazzled in a left hand tratfic lane case, so
that the bumped position in the mward direction (to the lett)
need not be set to 0.5°, the setting for the left headlamp LHL.
However, when the automobile 1s traveling along a right hand
traffic street lane, the nght headlamp RHL would dazzle the
driver of another car, and 1t 1s preferable that, as for the left
headlamp LHL, the inward bumped position be set to 0.5°.
Theretore, although not shown, an actuator employed for the
right headlamp RHL has a structure symmetrical to that in
FIG. 3B. Instead of the symmetrical structure, however, only
the sector gear 46 may be changed, and in this case, the cost
of the actuator can be reduced. Furthermore, in this case,
stoppers may be provided for the deflection area of the pro-
jector lamp 3 instead of for the actuator, and can be brought
directly into contact with the projector lamp 3 to halt the
deflection.

According to the AFS having the above arrangement, when
the steering angle 1s changed by the steering wheel SW of the
automobile CAR, and when the steering angle signal detected
by the steering sensor SSW 1s transmitted to the ECU 1, the
ECU 1 transmits, to the actuator 4, a control signal indicating
a count value consonant with the steering angle 1, and rotates
the brushless motor 43 of the actuator 4 to the rotation angle
position that corresponds to the count value. The rotational
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output of the brushless motor 43 1s transmitted via the speed
reduction gear string 45 to the sector gear 46, and rotates and
positions the sector gear 46 at a required angular position.

As a result, the projector lamp 3 coupled with the rotation
output shait 41 1s located at a corresponding rotational posi-
tion, and the light axes of the headlamps LHL and RHL are
deflected 1n a direction corresponding to the steering angle.

When deflection control for the headlamps 1s imitiated, 1.¢.,
when the 1gnition switch of the automobile 1s turned on, the
ECU 1 performs the mitialization 1n order to set the brushless
motor 43 at the predesignated mnitial position. Hereinatter, by
employing the initial position as a reference, the ECU 1
calculates the count value for controlling the brushless motor
43 and outputs the above described control signal, deflecting
the light axes of the projector lamps 3 for the headlamps LHL
and RHL.

The 1itialization operation for setting the initial position
will now be described. FIG. 6 1s a flowchart for the mitializa-
tion operation, and FIG. 7 1s a schematic diagram showing the
deflected state of the left headlamp LHL at this time. When
the ECU 1 has determined that the 1gnition switch has been
turned on (S101), the E

ECU 1 mitiates the initialization.

First, a bumping signal 1s output to the actuator 4 of the left
headlamp LHL, the brushless motor 43 1s rotated 1n one
direction, and the left headlamp LHL 1s swung inward by the
actuator 4, 1.e., to the right, and 1s set to the bumped state
(S102). That 1s, the brushless motor 43 1s rotated so as to turn
the sector gear 46 of the actuator 4 of the left headlamp LHL
to the right until the sector gear 46 1mpinges on one of the
stoppers 47B. Thus, as shown 1n FIG. 5A, the left headlamp
LHL 1s halted at the position where the light axis of the
projector lamp 3 has a deflection angle 01 o1 0.5° to the right
in the forward direction of travel (the mnitial position) of the
automobile. As previously described, the headlamp at the
position for the deflection angle 01 will not dazzle the driver
of a car approaching from the opposite direction.

Following this, the ECU 1 outputs a reciprocal signal to
invert the brushless motor 43, and permits the actuator 4 to
deflect the projector lamp 3 of the left headlamp LHL out-
ward, 1.e., to the left, at an angle of Oa, 1.e., 1° 1n this case
(S103). At this time, the ECU 1 counts a rotation angle signal
(pulse s1gnal), output by the rotation detector of the brushless
motor 43, and deflects the projector lamp 3 to the left to an
exact angle of 1°. The position of this detlection angle, as well
as the deflection angle 02 shown 1 FIG. 7, 1s the position
deflected to the left from the 1mitial position at an angle of
0.5°.

Thereafter, the ECU 1 outputs a setup signal, rotates the
brushless motor 43 forward again, and permaits the actuator 4
to deflect the projector lamp 3 of the left headlamp LHL
inward, 1.e., to the right, at an angle 0b, 1.e., 0.5° 1n this case
(S104). Also at this time, the ECU 1 counts a rotation angle
signal output by the rotation detector of the brushless motor
43, and detlects the projector lamp 3 to the right to an exact
angle of 0.5°. This deflection position, as well as the detlec-
tion angle 00 shown i FIG. 7, corresponds to the initial
position, 1.¢., the forward direction of travel (angle 0°). In this
manner, the initialization 1s completed. The same 1nitializa-
tion operation 1s performed for the right headlamp RHL,
while the direction 1s reversed.

FI1G. 8 A 15 a graph showing a correlation between the count
value for the brushless motor 43 in the above described 1ni-
tialization operation, and the deflection angle of the projector

lamp 3 of the leit headlamp LHL. FIG. 8B 1s a partially
enlarged graph of FIG. 8A. In a state indicated by “a” in FIG.
8B, by rotating the brushless motor 43 the projector lamp 3 of
the lett headlamp LHL 1s rotated across the initial position, at
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an angle of 0.5°, and 1s bumped. At this time, as previously
described, because of backlash or deformation of the gears 1n
the actuator 4, there 1s overrun by the brushless motor 43 a
distance equivalent to a deflection angle 01 0.3°+0.5°=0.8° (b
in FIG. 8B). However, when the brushless motor 43 1s rotated
in reverse so as to detlect the projector lamp 3 outward at an
angle of 1°, the overrun caused by the backlash or the defor-
mation of the gears of the speed reduction gear string 43 ol the
actuator 4, 1.e., the hysteresis of an error, 1s eliminated. And
the count Value for the brushless motor 43 is correlated with
the detlection angle of the projector lamp 3 (¢ in FIG. 8B) In
this embodiment, for satety’s sake, the brushless motor 43 1s
reversely rotated, outward until an angle 01 0.5° 1s reached (d
in FIG. 8B). Then, the brushless motor 43 1s rotated forward
to detlect the projector lamp 3 1nward at an angle o1 0.5°, so
that the projector lamp 3 can be set at the 1nitial position (e in
FIG. 8B) Since the projector lamp 3 need not be bumped
when 1t 1s set at the in1tial position, overrun does not occur due
to backlash and deformation of the gears of the actuator 4, and
the mnitialization process can be performed, without error, in
consonance with the count value for the brushless motor 43.

That 1s, ECU 1 1s provided with an imitialization unit that
sets the lamp LHL, RHL at the nitial position. The 1nitializa-
tion unit 1s structured by: a bumping mechanism that swings
the lamp 1n a first direction (inward) across the mitial position
to the bumped position (S102); a reverse swing mechanism
that swings the lamp 1n a second direction (outward) from the
bumped position across the 1nitial position to a position at the
predetermined angle (S103); and a return mechamism that
swings the lamp 1n the first direction from the position at the
predetermined angle by an angle that the lamp 1s swung over
the 1n1tial position 1n the second direction (S104).

As described above, 1n the exemplary embodiment of the
present invention, one-sided bumping of the headlamp 1s
performed during the mnitialization, i.e., the headlamp 1s
bumped mmward at a position having a deflection angle smaller
than the mitial position. Therefore, compared with the two-
sided bumping described in JP-A-2004-106770, the 1nitial-
1zation period can be shortened. Further, in order to eliminate
an error due to the overrun that 1s caused by one-sided bump-
ing, the angle for deflecting the headlamp inward across the
initial position 1s set to 0.5°, smaller than 1°. Thus, when the
left headlamp LHL 1s deflected imnward, the left headlamp
LHL will not dazzle the driver of another car, such as a car
approaching from the opposite direction. Furthermore, when
the angle for deflecting the headlamp mwardly 1s set to 0.5°,
the headlamp 1s deflected outwardly at an angle of 1° across
the 1mitial position. Therefore, an error due to the overrun can
be resolved by this deflection, and without being bumped
thereafter, the headlamp 1s set at the initial position. As a
result, a reliable initialization operation can be provided.
Theretore, the succeeding deflection control for the headlamp
of the AFS can be performed highly accurately.

According to this exemplary embodiment, an explanation
has been given for a case wherein 0.8° 1s the total overrun due
to the backlash and the deformation of gears of the actuator,
and wherein, 1n order to remove an error due to the overrun,
the headlamp 1s detlected, in the opposite direction, at an
angle of 1° from the bumped position. However, when the
value of the angle for the overrun differs, accordingly, the
angle for the deflection in the opposite direction differs. Natu-
rally, 1n order to resolve an error that occurs due to the over-
run, the headlamp should be detlected, 1n the opposite direc-
tion, an angle equal to or greater than the angle for the
overrun.

Furthermore, according to the exemplary embodiment,
when a headlamp 1s detlected, 1n the opposite direction, an
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angle of 1° 1n order to resolve an error due to overrun, the
position, inward across the initial position at an angle o1 0.5°,
1s defined as the bumped position, and the headlamp 1is
deflected, 1n the opposite direction, an angle of 1° from the
bumped position.

However, the 0.5° angle 1s an arbitrary angle, and only an
angle at which the headlamp will not dazzle the driver of a car
approaching from the opposite direction need be set. For
example, 1n a case wherein the driver of another car will not
still be dazzled when the headlamp i1s deflected mnward an
angle of 0.7°, from the 1nitial position, the bumped position
may be set inward, from the 1nitial position, as the position
0.7°.

Then, after the headlamp 1s bumped and 1s deflected out-
ward at an angle of 1°, the headlamp may again be deflected
inward at an angle of 0.3°, and may be set in the mitial
position.

The present invention 1s not limited to the headlamps, as in
the exemplary embodiment, that deflect the projector lamps,
but also can be applied for a light source control apparatus
that permits an actuator, which employs a brushless motor as
a drive source, to detlect the light axes of headlamps.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the described
preferred embodiments of the present mvention without
departing from the spirit or scope of the invention. Thus, 1t 1s
intended that the present invention cover all modifications
and vanations of this invention consistent with the scope of
the appended claims and their equivalents.

What 1s claimed 1s:

1. A lighting direction control apparatus of a vehicle lamp
including a lamp unit that 1s capable of deflecting a lighting
direction of a lamp, the lighting direction control apparatus
comprising;

a deflection controller that controls the lamp umit, wherein

the detlection controller comprises:

an 1nitialization unit to set the lamp at an 1nitial position,

wherein the lighting direction of the lamp 1s substans-
tially 1n a forward direction of the vehicle when the lamp
1s set 1n the 1nitial position, and wherein the initialization
unit comprises:
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a bumping mechanism that swings the lamp across the
imitial position 1n a first direction, wherein the first
direction 1s a direction toward the center of the vehicle
and the lighting direction of the lamp 1s directed
towards the center of the vehicle, to a bumped position
that 1s toward the center of the vehicle,

a reverse swing mechanism that swings the lamp from
the bumped position 1 a second direction, which 1s
opposite to the first direction and 1s a direction away
from the center of the vehicle, across the initial posi-
tion to a position at a predetermined angle, and stop-
ping the lamp at the predetermined angle, without
bumping the lamp as it moves 1n the second direction,
and

a return mechanism that swings the lamp in the first
direction from the position at the predetermined angle
by an angle that the lamp swung over the 1nitial posi-
tion 1n the second direction, wherein the bumped posi-
tion 1s a detlection angle position at which light emat-
ted from the lamp does not interfere with a driver 1n
another vehicle traveling 1n a opposite direction, and
the predetermined angle 1s greater than a deflection
error angle of the lamp unit; and wherein the 1nitial-
1zation unit 1s configured to set the lamp at the 1nitial
position without adjusting a light axis of the lamp 1n a
vertical direction when the lamp 1s turned on.

2. The lighting direction control apparatus according to
claim 1, wherein the bumped position 1s at an angle, from the
initial position, that does not exceed 1 °.

3. The lighting direction control apparatus according to
claam 1, wherein the lamp umt includes a motor and an
actuator for swinging the lamp using a rotational force of the
motor, and

the actuator includes a plurality of gears.
4. The lighting direction control apparatus according to

claim 1, wherein the predetermined angle 1s over 0.8 ° from

the bumped position in a second direction.
5. The lighting direction control apparatus according to
claim 4, wherein the predetermined angle 1s substantially 1 °.



	Front Page
	Drawings
	Specification
	Claims

